A computing package that combines finite element methods for evaluating the resonance frequencies and modes of turbine subcomponents (blade, tower and shaft) together with the aerodynamic calculations for forces and moments taking into consideration the dynamic stall as well as the dynamic response is developed. This method was applied to a realistic VAWT; namely; the PIONEER built in the Netherlands by Fokker company. A reasonable agreement between the calculated and field results was predicted.
INTRODUCTION
o meet economic levels of power generation, the wind turbine designer is being forced towards compliant designs. As a consequence of this fact, more emphasis is being placed on both aeroelastic and dynamic analyses in the design phase of producing a new product. Since a wind turbine blade is highly dynamically loaded, it requires intensive investigations before being put into production to ensure both safety and reliability. This paper is devoted towards the investigation of the aerodynamics and stability of a Darrieus vertical axis wind turbine (VAWT). VAWT's have several advantages over the horizontal axis wind turbines; (HAWT's) like the indifference to wind direction, the proximity of the gearbox and generator to the ground and the non-reversal gravitational stresses in their troposkien shaped blades. However, the main disadvantage of VAWT's is their disabilities for self starting.
At the Vrije Universiteit Brussel (V.U.B) a substantial effort has been done to investigate both the aerodynamics and dynamics/aeroelasticity of both HAWT's and VAWT' s. Concerning the specific work with VAWT' s, a computing package is developed which combines the versatile finite element methods (FEM) for evaluating the natural frequencies and modes of the turbine's subcomponents; Bathe [1982] , modal coupling technique; Benfield, et al. [1971] , to define the behavior of the whole structure, the aerodynamic calculations for loads on blades, eigenvalue problem solver for natural frequencies and modes evaluation as well as a stability investigation via a forced vibration analysis. This package is analogous to that developed by Garrad, et al. [1984] . In this regard it can substitute using the well-known code NASTRAN (MSA/NASTRAN User's manuals 1981 ]), and also the European code ARLIS, Kirchgi[ner [1984] . Extensive analytical and experimental research works regarding the aerodynamics, aeroelasticity and dynamics of Darrieus VAWT's are performed both in Sandia laboratories; Lobitz [1986] and Popelka [1982] The aerodynamic forces are defined both theoretically (refer to Strickland [1975] , Sharpe [1977] , Templin [1974] , Simhan [1984] and Mandal [1986] ) and experimentally (refer to Worstell [1979] , Muraca, et al. [1976] and South, et al. 1972] (2) will have the form: Forces and Power that for higher wind speeds the aerodynamic power is considerably higher when dynamic stall is taken into account.
The normal and tangential forces on the blades as a function of azimuthal position at a rotational speed of 50 m/s and a wind speed of 10 m/s are presented in figures 8 and 9 respectively. At the upstream side these forces are considerably larger than at the downstream side.
Dynamic Response
In figures 10 to 12 the generalized forces and dynamic blade responses due to the centrifugal forces are shown for a two mode representation of the blades. As can be seen from figure 10 the centrifugal force is constant and thus leads to a constant generalized force. In principle, the centrifugal force is balanced by the gravitational forces, due to the special geometry of a troposkien shape. This leads to a general force, that should be equal to zero. However due to numerical rounding errors, a small force remains that will result in a very low dynamic response, as can be seen in figures 11 and 12. This response is characterized by a damped oscillation level at transient, and a constant level after some settling time. This type of response is typical for a damped oscillation to a constant force.
In figures 13 to 15 the dynamic response of the blade to the gravitational forces are shown. As the centrifugal forces and gravity introduce a constant force into the blades of the turbine and into the tower, it will introduce a damped oscillation with constant level in the flapping direction. In lagging direction a zero displacement level should be found. However, due to the modal approximation and rounding errors, a small amplitude of the order of 10-6 remains.
In figures 16 to 18 the displacements of the midpoint of the blade and the generalized forces, due to aerodynamic loading are presented. As can be seen the aerody- 
